Objective: Botulinum toxin is known to relieve upper limb spasticity, which is a disabling complication of stroke. We examined its effect on quality of life and other person-centred perspectives. Design: A multi-centre, randomized, double-blind, placebocontrolled study. Patients: Ninety-six patients were randomized (mean age 59.5 years) at least 6 months post-stroke. Mean time since stroke was 5.9 years. Methods: Patients received either botulinum toxin type A or placebo into the affected distal upper limb muscles on 2 occasions, 12 weeks apart. Assessment was undertaken at baseline, 8, 12, 20 and 24 weeks. The primary outcome measure was the Assessment of Quality of Life scale (AQoL). Secondary outcome assessments included Goal Attainment Scaling (GAS), pain, mood, global benefit, Modified Ashworth Scale (MAS), disability and carer burden. Results: The groups did not differ significantly with respect to quality of life, pain, mood, disability or carer burden. However, patients treated with botulinum toxin type A had significantly greater reduction in spasticity (MAS) (p < 0.001), which translated into higher GAS scores (p < 0.01) and greater global benefit (p < 0.01). Conclusion: Although no change in quality of life was demonstrated using the AQoL, botulinum toxin type A was found to be safe and efficacious in reducing upper limb spasticity and improving the ability to achieve personal goals.
INTRODUCTION
Each year stroke affects approximately 53,000 people in Australia, 150,000 in the UK and 750,000 in the USA (1, 2).
Upper limb spasticity is a common complication that can lead to abnormal limb posturing and interfere with both active and passive function, resulting in a reduction in quality of life and increased carer burden (3).
Intramuscular botulinum toxin type A (BoNT-A) offers the possibility of local treatment for focal spasticity without affecting sensation and without the systemic side-effects of oral medication. Moreover, targeting specific muscle groups without affecting others has the theoretical potential to unmask selective voluntary movement in situations where this is over-ridden by mass patterns of spasticity in antagonistic muscle groups (3).
There are now at least 12 published randomized controlled trials (with a total of over 500 patients) of BoNT-A in the treatment of upper limb post-stroke spasticity. These have consistently demonstrated that the treatment is safe and effective in reducing unwanted muscle spasticity (4-6) and that the effect is maintained over repeated treatments (7) . Functional benefits are also demonstrated, in terms of reduction of disability and carer burden (8, 9), although they may lag behind the reduction in spasticity itself (10).
However, few studies have focused on the impact of BoNT-A from the patient's personal perspective. This study addressed the effect of BoNT-A not only on disability, but also on the patient's perceived state of well-being, using a standard Assessment of Quality of Life measure (AQoL). In addition, we examined the effect on symptoms (such as pain and mood) and on the achievement of personal goals.
METHODS
This study was a prospective, placebo-controlled, double-blind, randomized, multicentre study designed to assess the effect of the administration of BoNT-A (Dysport ® , Ipsen, Slough, UK) on quality of life and other person-centred outcomes in patients treated for upper limb spasticity after stroke. All patients gave their informed consent. The study had ethics permission from independent research ethics committees at each investigational site.
Participants
Adults with hemiplegic stroke and severe or moderately severe spasticity following stroke were recruited from spasticity clinics in 6
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PERSON-CENTRED OUTCOMES centres in Australia (Melbourne and Sydney), through referral from hospital stroke/neurology units, rehabilitation centres, community physiotherapists and newspaper advertisements.
Patients were included if they: • were over the age of 18 years and had had a stroke at least 6 months previously; • had moderate to severe spasticity of the arm as defined by a minimum score of 2 on the Modified Ashworth Scale (MAS) in at least 2 out of 3 of wrist, elbow and finger flexor muscles and a minimum of 1+ for the third area; • had sufficient cognitive and communication ability to be able to give written informed consent. Excluded were those: • with established severe contracture or other neurological impairments; • receiving concurrent aminoglycoside antibiotics; • who had received botulinum toxin treatment within the past 120 days or had been previously treated with phenol or intrathecal baclofen for arm spasticity.
Patients on oral anti-spasticity medication were included provided their dosage remained stable in the month prior to study entry.
Eligibility for treatment was further assessed at baseline. Only those with stable spasticity and disability ratings between pre-baseline assessment (week -4) and baseline (week 0) were randomized.
Intervention
Treatment comprised injections of BoNT-A or equivalent placebo (total dose range 750-1000 units) into the principal spastic muscles of the distal upper limb (restricted to muscles acting at elbow, wrist and finger joints) at week 0. The selection of muscles, use of single or multiple injection sites within a given muscle, and electromyography or nerve/muscle stimulation to assist accurate placement were all at the clinicians' discretion.
Patients received re-treatment with the same agent as their first cycle at week 12 with a total dose range of 500-1000 units according to the response in the initial cycle. This flexible dose regimen allowed investigators to optimize the treatment on an individual basis as would occur in routine clinical practice.
Specific objectives and hypotheses
This study tested the hypothesis that reduction of spasticity with 2 cycles of BoNT-A injections would: (i) improve patient quality of life; (ii) improve symptoms such as pain and depression; and (iii) enhance the attainment of individual goals for treatment.
Outcome measurement
The outcome measures were undertaken at weeks 0 (baseline), 8, 12, 20 and 24. The principal outcome points for analysis were at the peak of each cycle (weeks 8 and 20), except for global benefit, which was evaluated at the end of each cycle (weeks 12 and 24). On the basis of past trial results, it was anticipated that the second injection would maintain response or potentially enhance the level of response, and week 20 was predetermined as the primary outcome point for the trial when the effect of the second BoNT-A injection should be maximal (7, 8) .
Primary outcome measure
The primary outcome for the study was the assessment of patient wellbeing and quality of life at week 20, as measured by the AQoL (11-13). The AQoL is a multi-dimensional utility instrument designed to profile health status according to level of disability and handicap. The utility score is presented on a scale of 1.00 (representing full quality of life) to 0.00 (representing death-equivalent quality of life).
Secondary outcome measures

Person-centred secondary outcomes
• Pain associated with spasticity in the hand, wrist and elbow was rated "at rest" and "on movement" using a (100-mm) visual analogue scale.
• Depression was recorded using the Hospital Anxiety and Depression Rating Scale (HADs) (14, 16).
• The achievement of individual goals for treatment was recorded using Goal Attainment Scaling (GAS) (17, 18). The GAS was applied according to a method described previously (19). At baseline patients, with their treating team, identified up to 2 personal goals for treatment and one chosen activity from the Patient Disability Scale (PDS) (see below). Goals were weighted by importance and difficulty. Goal attainment was rated at weeks 8 and 20 on a 5-point scale, where "0" denotes the expected level of achievement; "+1" and "+2" are respectively "a little" and "a lot" better than expected, whilst "-1" and "-2" are correspondingly a little and a lot less than the expected level. These attainment levels were combined in a single score by applying the formula recommended by Kiresuk & Sherman (17) . This formula is designed to transform the sum of the attainment levels for each goal (× their relative weights) into a standardized measure or "T score" normally distributed around a mean of 50 and standard deviation of 10, if the results exceed and fall short of expectation in roughly equal proportion.
Other measures
• Spasticity. In order to confirm an effect on spasticity, muscle tone was assessed during passive range of movement at the elbow, wrist and finger joints using the MAS (20). The MAS was assessed 4 weeks post-injection in addition to the standard outcome measure time-points of 8, 12, 20 and 24 weeks. The 3 scores were summed to give a composite value across all joints, as described by Bakheit et al. (4, 5, 7) and Francis et al. (10) , reflecting the overall reduction in muscle tone in the limb. A score of 1+ was assigned the value of 1.5.
• Ability to perform hand movements and upper arm function were captured using a Modified Motor Assessment Scale (MMAS) (21) consisting of the 3 upper limb domains (18 items in total).
• Patient disability and carer burden were measured using the PDS and Carer Burden scale (CBS) (22). The PDS (8 items) identifies the patients' ability to care for their affected limb (dressing, maintaining hygiene, etc.) and to use it actively, for example, for standing/walking balance. The CBS (4 items) identifies care tasks, such as dressing and maintaining hygiene, where these are performed by a carer. Each item is scored on a 5-point Likert scale. Items scores were summed and divided by the number of items answered to give a summary score from 0 = none to 4 = maximum disability or carer burden.
• At baseline, patients chose one activity in the PDS as their preferred activity to improve following treatment. This was designated the Patient Functional Outcome Measure (PFOM).
• Global Assessment of Benefit. A global assessment of benefits was made at the last visit of each cycle (week 12 and week 24), by both the investigator and the patient (or guardian), taking into account the peak efficacy and duration of efficacy since last treatment. The patient was asked "How would you rate the overall benefit you have received to your arm in the time since your last injection?", and the response was categorized on a 5-point Likert scale.
Also recorded were: • all adverse events, regardless of causality and intensity; • any changes in medication; • the number of physiotherapy and/or occupational therapy sessions that were undertaken in the preceding 4 weeks.
Sample size and power calculations
We calculated a priori that a sample size of 21 patients would be required for each study group, to have an 80% chance of detecting as significant (at the 2-sided 5% level) a mean difference of > 0.15 (SD 0.23) in AQoL scores between the 2 groups at week 20. Similarly, 51 patients per group were needed to detect with similar power a significant group interaction in change of AQoL score from baseline to week 20, based on a mean difference in change score of 0.13 (SD of 0.23).
Randomization and allocation concealment
At baseline, patients were randomized to receive treatment with either BoNT-A or matching placebo. A computer-generated master list of randomized treatment allocation codes was prepared centrally by an independent organization (Penn Pharmaceutical Services Ltd, Tredegar, UK) with a 1:1 proportion of patients assigned to each group. Group assignment was determined independently of the treating team by sequential allocation of treatment packs from the hospital pharmacy with pre-assigned randomization numbers.
Blinding
The patients, investigators and treating teams were all blinded to group assignment. Vials of investigational drug (BoNT-A or placebo) contained a white freeze-dried pellet that was reconstituted by the investigator in sodium chloride solution (0.9%) at the time of injection. The blinding was not broken at any stage during this trial. The master randomization list was supplied only after the database had been locked and the statistical plan approved.
Statistical analysis
Efficacy data for primary and secondary end-points were analysed using an intention-to-treat population, defined as all patients who were randomly assigned and who received at least one dose of study medication (54 BoNT-A, 42 placebo). Six patients did not complete as allocated leaving 90 for analysis per protocol (52 BoNT-A, 38 placebo). Missing data were imputed using a Last Observation Carried Forward (LOCF) method.
The between-treatment comparison was carried out by fitting an analysis of covariance model (ANCOVA) to the data with baseline AQoL included as a covariate. Treatment effect estimates, 95% confidence intervals (95% CI), and p-values were calculated. Standard diagnostic tests showed no evidence of non-linearity of the regression relationship, non-normality of the residual distribution, or non-constancy of variance. Therefore no transformations of the data were undertaken, and parametric tests were applied throughout for consistency.
1
Mean change in AQoL scores was also assessed separately for BoNT-A and placebo within each treatment arm. Mean change, and 95% CI were calculated for the difference in final AQoL vs baseline.
Descriptive summary statistics for differences between the mean scores and mean change from baseline (SD) for all other secondary measures are presented. Within-group and between-group comparisons were carried out using, respectively, paired and independent t-tests. Dichotomous variables were analysed using χ 2 tests.
RESULTS
Between November 2004 and January 2006 a total of 122 subjects were screened, of which 102 were recruited into the study and 96 were randomized to treatment (54 BoNT-A, 42 placebo) (see Fig. 1 and discussion). Table I summarizes the demographic data in the 2 groups. This was a relatively young group (mean age 59 years) with long-term spasticity, on average nearly 6 years after stroke onset. In the 102 patients recruited, left-sided hemiparesis was more common than rightsided hemiparesis (67.7% vs 32.3%, respectively). A similar proportion of patients had left-sided hemiparesis in the placebo group (69%) and the BoNT-A-treated group (67%). Table II summarizes the different muscles chosen by the physicians in this study to treat upper limb spasticity and the corresponding BoNT-A and equivalent saline doses administered.
Primary outcome
MAS measurements confirmed a significant reduction in muscle spasticity for BoNT-A-treated patients compared with those on placebo, at all time-points (Table III) . Despite this effect on muscle tone, no significant difference between the 1 An alternative analysis using non-parametric statistics gave similar results and is available on request from the corresponding author. groups was observed with respect to change in quality of life from week 0 to week 20 as measured by the AQoL. Indeed, between-group comparison in the intention-to-treat population (n = 96) yielded a treatment effect estimate (ANCOVA) of -0.031 (standard error 0.03, p = 0.27). This indicates that, if anything, the trend was towards greater improvement in the placebo group, although this did not reach significance. These results did not alter when the analysis was adjusted for age, gender, cluster (hospital grouped by Australian state) or centre. Sub-group domain analyses also showed no evidence of benefit in favour of active treatment.
However, throughout the study period, the serially-recorded AQoL scores demonstrated a very high degree of individual variation over time. This is illustrated in Figs. 2 and 3 , which show the mean AQoL scores at each time-point together with a trajectory of single patient AQoL scores from the 10 most variable and 10 least variable patients in each group. Some patients showed changes in the region of ± 0.4-0.6 over a single 4-week period, and this variation was evident in both treatment groups.
Person-centred secondary outcomes (Table III)
Less than half of patients reported significant pain. Table III provides data for all patients combining the scores of pain at rest and pain on movement. BoNT-A treatment failed to show significant improvement in pain compared with placebo-treated patient at rest and movement at any time-point. A sub-analysis of change in pain score on movement was conducted only for those with a pain rating ≥ 25 on movement at baseline (n = 40). Within this subset, both groups showed significant reduction in pain levels at both weeks 8 and 20 (paired t-test, p < 0.05 for placebo group, p < 0.01 for BoNT-A group, not shown in Table III) . Those treated with BoNT-A had significantly higher levels of pain on movement at baseline (65.05 vs 47.37 for placebo, p = 0.01), and this may account for the relatively greater pain reduction in this group, which reached significance at week 12 (paired t-test, p < 0.05, not shown in Table III ). However, no significant difference between the 2 groups was observed at either of the main time-points for this study (weeks 8 and 20) .
Similarly, there was no significant change in mood, as measured using the HADS at any time-point in this study.
However, less than a quarter (20/96 (21%)) screened positive for depression (HADS ≥ 8) at baseline, of which only 8 had scores in the abnormal range (HADS ≥ 11). These numbers were too small for statistical analysis.
The goal attainment scores, however, did reflect a functional benefit of BoNT-A-treatment at week 20. Goal attainment scores were 35.7 at week 20 for BoNT-A compared with 31.1 in placebo-treated patients (independent samples t-test, p < 0.01) (Table III and Fig. 4 ).
Other secondary outcomes (Table III) As might be expected in this population with a mean duration of spasticity of nearly 6 years, the MMAS did not show any motor gains in either group.
Both groups showed a modest reduction in patient disability (PDS) and carer burden (CBS) over the course of this study (possibly as a result of the concomitant therapy that was provided for the majority of patients), but there was no statistical difference between treatment groups. However, it should be noted that the baseline PDS scores were low in this series (mean 1.8). Moreover, 37/96 had no carer, confirming that this was a relatively independent study population. On the other hand, at week 8 the chosen item from the patient disability rating scale (PFOM) was improved from baseline in 20/54 (37%) of the BoNT-A group compared with only 6/38 (15%) of the placebo group (χ 2 , p = 0.02). At week 20 the percentages remained steady at 34% for the BoNT-A group and 16% for the placebo group (χ 2 , p < 0.05). Overall, a significantly higher proportion of both patients and investigators reported a benefit from treatment in the BoNT-A group compared with the placebo group at the end of the first treatment (week 12) and also the second treatment (week 24) (p = 0.01) (Table IV) .
Concomitant treatment
Concomitant medications were started during the study in 52.1% of patients (57.4% BoNT-A, 45.2% placebo). There were no obvious patterns in concomitant medications ongoing, stopped or started during the study.
Whilst it is generally recommended that BoNT-A should be followed up by appropriate physical therapy to maximize bene fit, such treatment is not currently universally available (23). In order to reflect current practice, the protocol stipulated that any concomitant therapies (physiotherapy and occupational therapy) would be given according to routine practice for the centre (23). In the event, therapies were continued in 9.4% of patients, and started in 57.3% (55.6% BoNT-A, 59.5% placebo) of patients during the study. The number of treatment sessions ranged from 0 to 91, with a mean 10.8 (SD 14.5), but there was no difference between the 2 groups (t -0.159, df 88, p = 0.87). However, 33% of patients did not receive concomitant therapy.
Adverse events
A list of adverse events is given in Table V . In this study, 67% of the BoNT-A and 62% of the placebo group experienced at least one adverse event, which were generally mild. These were considered treatment-related in 5.5% of BoNT-A-treated patients and 9.5% placebo-treated patients. No deaths occurred and no hospitalizations for treatment-related events. In particular, there were no instances of respiratory failure, swallowing problems or other evidence of remote spread of toxin.
DISCUSSION
In this study, intramuscular treatment with BoNT-A for chronic upper-limb spasticity in stroke patients was found to be welltolerated and efficacious in terms of reducing muscle spasticity and improving the ability to achieve personal functional goals. However, no significant benefit in improving quality of life was demonstrated using the AQoL. Neither was there any consistent difference in reduction of pain or depression. 
*All treatment-related adverse events were classified mild, except for atopic reaction, which was classified moderate in intensity. At the completion of the study, the investigator concluded that the reaction was due to the alcohol swabs rather than to the study drug. 1 Atopic reaction occurred at the injection site. 2 Increased pain occurred back of hand on limb that was injected. 3 Myoclonic jerk occurred in biceps and elbow of the arm injected. BoNT-A: botulinum toxin type A; UTI: urinary tract infection. However, these symptoms were not prominent among the study population and the groups were not well matched with respect to pain at baseline. Further study in symptomatic individuals will be required to evaluate the impact of BoNT-A on these parameters.
At a mean age of 59 years, the patients in this study were somewhat younger than the general stroke population, but of similar age to those in other studies of BoNT-A in post-stroke spasticity, which range around a mean age of approximately 60 years (4) (5) (6) (7) (8) 25) . The mean time since stroke (5.9 years), however, was rather longer than in other trials where this more typically ranges between 2 (25) and 4 (8) years. The observed reduction in muscle spasticity with BoNT-A is well documented in previous studies (5, 6, 7, 24) . The lack of improvement in active muscle function (MMAS) was not unexpected given the chronicity of hemiplegia in this study population. Previous studies (5) have similarly shown no concomitant change in motor function.
This study did not demonstrate significant benefits in terms of patient disability or carer burden, although both groups improved, and previous studies have also varied in this respect. Bakheit et al. (5) and Childers et al. (25) also failed to show any functional change using global disability measures, such as the Barthel Index or the Functional Independence Measure. In contrast, Bhakta et al. (22) demonstrated change in disability specifically with respect to the upper limb using the same Patient Disability and Carer Burden scales that were used in this study. A possible reason for the apparent discrepancy is that our study population was relatively independent. Bhakta's patients had a substantially higher level of disability score at baseline (2.5) compared with our group (1.8) and also a much higher proportion of patients with carers (90% compared with 62%) (22).
However, the primary purpose of this study was to determine whether these effects on spasticity were reflected in a change from the patient's personal perspective -in particular on quality of life. The AQoL was chosen as the primary endpoint in this study as it had been previously validated on a community stroke population in the North East Melbourne Stroke Incidence Study (NEMESIS) study (26) (27) (28) . The mean baseline AQoL score in this population (mean = 0.35) was similar to that observed in upper-limb impaired stroke patients in the NEMESIS study (mean = 0.38). Also in common with the NEMESIS study, a high proportion of patients in this population (17%) had a baseline AQoL score of less than 0.1, although there was considerable variability. However, no significant improvement in quality of life was demonstrated using this instrument, even with subgroup domain scores and after potential confounders such as baseline AQoL scores and age were taken into consideration.
There are a number of possible reasons for this negative result. Clearly the BoNT-A achieved an effect on spasticity, but either this was insufficient to impact at the level of the person's well-being, or the tool was too insensitive to detect the impact. Alternatively, other external influences may simultaneously have affected their perception of well-being, so that the effects of relieving spasticity were obscured.
The AQoL is a multifaceted questionnaire addressing a range of issues, including eyesight, hearing, sleep, social relationships and independence. With the benefit of hindsight it was possibly over-ambitious to have expected changes resulting from focal relief of upper limb spasticity to have impacted significantly on these issues, especially in the context of longstanding upper limb dysfunction. Whilst many trial designs incorporate the primary outcome as part of the criteria for recruiting patients, poor quality of life at baseline was not a selection criterion for this study. The mean baseline AQoL of patients in this study was comparable to that measured in a large Australian epidemiological study of post-stroke patients (NEMESIS study) (26-28), and it was a change from this score that was used to calculate the power of the study. However, we failed to predict a very high degree of intra-patient variation in AQoL scores that was observed across the 24-week study period, as illustrated in Figs 2 and 3. In the presence of such variability, it is not surprising that no overall trend was observed. This also suggests that other external factors have much more important influence on day-to-day well-being, as measured by the AQoL. Whilst in the NEMESIS study, the AQoL provided a valid indication of well-being in a community stroke population in comparison with a normal population, its usefulness as a serial measure to compare change related to focal intervention must remain in question. Only one other study has attempted to evaluate the effects of BoNT-A using a global quality of life measure, that of Childers et al. (25) , who used the SF-36 and similarly showed no benefit.
A common limitation of all these standardized rating scales is that they assess outcomes that are assumed to be of importance, rather than allowing patients to determine the outcomes that matter to them. This was a relatively able group in which even symptoms such as pain and depression affected only a minority. GAS, on the other hand, provides a measure of achievement of personal goals for treatment. First described by Kiresuk and colleagues (17, 18) , it has been used as a method for evaluation of complex interventions in a number of health settings. It has also been used successfully to demonstrate person-centred functional gains in the context of BoNT-A treatment for spasticity (19). In this study, the GAS T scores averaged well below 50, indicating that goals were ambitiously set. Nevertheless, patients treated with BoNT-A showed significantly higher levels of personal goal attainment at week 20 than those treated with placebo. Although their detailed description is beyond the scope of this paper, it was interesting to note that many of the personal goals set would not have been reflected in the standardized measures used in this study (for example the reduction of associated reactions, or the use of the limb for specific bimanual tasks related to hobbies or domestic activities). A secondary analysis of individual goal attainment will be presented separately for publication.
Finally, although in some senses subjective, the perception of overall benefit reported by investigator and patient should not be underestimated as an outcome since it brings together the various factors that treatment was aimed to address in a single global measurement. In this study, both investigators and patients independently rated the overall benefit significantly higher in patients treated with BoNT-A compared with placebo, which underlines the importance of reducing spasticity and improving function at a personal level regardless of performance on standardized scales.
There are a number of recognized limitations to this study:
• Although the randomization process was 1:1 and designed to provide equal numbers in the 2 groups, there were in fact 12 more patients on active treatment than placebo. A confirmation of the validity of the randomization code was provided by Penn Pharmaceutical Services Ltd, so we are unable to explain this apparent failure of randomization. Despite the discrepancy in numbers, the groups were relatively well matched for baseline variables, except with respect to pain levels, which may have accounted for the apparent benefits in pain reduction at week 12.
• The study set out to examine the effects of BoNT-A on quality of life. Although the AQoL was chosen in good faith as a valid tool for the evaluation of personal well-being following stroke, for the reasons described above it was probably not the best choice, being both highly variable within individuals over time (presumably in response to unidentified external factors) and relatively insensitive to the degree of change anticipated from intervention for focal spasticity. We have therefore neither proven nor disproven impact at the level of quality of life.
• For pragmatic reasons and to reflect current practice, followup therapy was only provided as part of routine practice. In fact one-third of both groups did not receive such treatment. Failure to capitalize on the effects of muscle relaxation with sustained muscle stretching could have led to a poorer outcome for the BoNT-A group than may have been expected had the recommendations for best practice been fully followed.
In conclusion, intramuscular treatment of upper-limb spasticity with BoNT-A in post-stroke patients, was found to be welltolerated and efficacious in terms of reducing muscle spasticity and improving the ability to achieve personal functional goals. These benefits were not reflected in a change in quality of life as measured using the AQoL. However, this may relate more to the metrics of the instrument than to a true reflection of personcentred outcome, and further exploration of other tools (such as the GAS) is recommended in this patient population.
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